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A series of 96 di^yl^dihe diar^mid^pline) derivatives were evaluated for their inhibitory effects on 
the growth and DNA synthesiis of murine leukemia LI 210 cells. The amidmo- and imidazolino-substituted 
aryl moieties of the cqmpounds consisted of phenyl, indole, indene, benzofuran, benzofbjthtophene or ben- 
zimidazple. Several of theise cprnp^ found to inhibit L1210 cell proliferation with an iD 50 (509b in- 

hibitory dose) of 1 /tg/rnl or lower. Structure-function analysis revealed that the antitumor cell activity of 
the diarylamidines dfcperfded on. the plananty of the molecule, the presence of amidino- (or, preferably, 
imidazoline-) groups on both aryl moieties, the nature of the bridge connecting the two aryl moieties 
(preferably no bridgeat all, pheiioxy or ethene) and , finally, the nature of the aryl moieties (preferably, ben- 
zofuran or benzpfbjthiopheneji Hence, compound 20 (6-(2^imidazphn-2-yl)-2-;t4-(2-imid^olin-2-yl)phenyl] 
benzo(b]thibphene) emerged m the most potent inhibitor of L1210 cell growth (ID 50 : 0 21 pg/ml). Its in- 
hibitory potency wasiimHas to that of the well-known trypanpcidal drug ethidium bromide. (Compound 98). 
For all diarylamidihe derivatives! taken together/ some correlation (r : == 0.612); was noted betiveen the log 
ID 50 for L1210 cell pfeliferationiahd the log ID^ for L}2 10 cell DNA synthesis (as monitored by [methyl- 
3 H]dThd incorporation.) . these findings suggest that the inhibitory effects of the diarylamidines oh L1210 
cell proliferation may at : least partially reside in ari inhibition of DNA synthesis. Compound 41 
(2,2 ' -vinylenedi- t^nzofuran-5-carbpxa : midine) that exhibited a potent antitumor activity in vitro (ID 50 : 
1.5 /ig/ml), was further evaluate^ for its antitumor efficacy in vivo and found to increase the median sur- 
vival time of L1210 cell-ihoculat^d BDF, mice up to 204%, if administered at a dose of 200 mg/kg. 



Introduction 

Aromatic diamidines such as stilbamidihe slndlpen- 
tamidine inhibit the growth- of protozoa, bacteria, 
fungi and tumor cells>; generally at concentrations 
well below those found'to be t£xid;for- the host (1). 
Another diarnidirie derivative, t) API (A' ,6-diami- 
dino-2-phenyl-indble)- t has be£ii $ho>vn to form 
fluorescent complexes with dpujble^stranded DNA 
(2, 3) and can be us<ld for the fldprescent staining 
of bacteria, spermatozba, rriycoplasmata (4) and 



chromosomes (5). D API and its congeners strongly 
interact with A-T regions of DNA (6- 8), thereby 
suppressing the DNA-directed RNA and DNA 
polymerases, and. this inhibitory activity, may ob- 
viously contribute to the growth-inhibitory effects 
that have been observed with diarylarnidines in 
various cell systems. Several.diarylamidines are po- 
tent inhibitors of reverse transcriptase (RNA- 
directed DNA polymerase) (9) and afgiriine-speci- 
fic proteases (trypsin, thrombin, kallikrein) (10), 
and while there is no direct correlation between 
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anti-DNA polymerase activity andr anti-protease 
activity (9)j both activities depend oh rather 
specific struct ural requirements, 

We have now evaluated a large series of diaryla- 
midine (and diarylinjidazoline) derivative* for their 
inhibitory effects on the growth of murine leuke- 
mia L1210 cells, Because of their strong affinity 
for DNA, the compounds were alsowduated for 
their inhibitory effects Xm cellular DNA synthesis 
(monitored by [methyI^H](IThd incorporation). 
These studies were aimed (i) at delineating the 
structural features that detewnirie the cell growth- 
inhibiting activity of diarylarnidine derivatives, (ii) 
at gaining further insight in their riveehanism of 
cytotoxic action, and, hopefully, (iii) at detecting 
some compounds with potential anticancer activir 
ty. 

Based on the structure-functibn analysis one 
should be able to establish the guidelines for the 
synthesis of new arid more potent inhibitors of 
tumbr ceil pr bliferation . 



Materials and methods 

Cells. Murine ieukeriiia L1210 cells v^ere grown in 
75 cm* tissue culture Jlask$ (falcon 3024F; Becton 
Dickinson France S.A., Grenoble; France) in 
Eagle's minimal essential medium, supplemented 
with 10% (v/v) inactivated ;fetai calf s«'rurn (Gibeo 
Bio^Cuit, Glasgow, $cotland)> 2 mM L-glutamine 
(Flow Laboratories* Irvine,. Scotland), 0.075% 
(w/v) NaHC0 3 (Flow Laboratories) and 25 
units/ml of nystatineXS. A. tzb&N.V., Brussels^ 
Belgium). The L1210 cell line' was Found to be 
Mycoplasma-lxtt. 

Chemicals. The diarylarnidine derivatives listed in 
Tables 1 through 6 were synthesized as described 
previously. The references for the synthesis of the 
compounds are as follows: 7 -*4> 9, 26 (ref. i 1); 11, 
19, 21-23, 75-77, 83 , $8 , 95 (ref; 12); 14-17, 
24, 25 (ref, 13); 30-34, 49, 65 {ref. U); 39-41, 
44 - 46, 52, 55 - 57, 96 (ref- 15); 10, U, 13,42,43, 
47, 48, 50, 51, 78- 82, 84 S7(ref. 16); 1Q, 20, 36, 
37,50, 59, 60, 66- 68,.7Q-?73 y 94 ( (ref:; 17); 12, 13, 
47, 48, 51, 79- 82,84, 85, 87 (ref. \i?, 42, 43, 53, 



54, 78, 86 (ref; 19); 64 (ref. 20); 35, 38 (ref. 21); $ 
(ref. 22); 7 (ref. 23); 58 (ref. 24); 63 (ref . 25); 89 
(ref. 26); 8, 18, 44, 92 (ref. 27); 61, 62, 69, 74, 90, 
91, 93 (ref. 28). 

Reference, compounds. Ethidium bromide (2,7- 
diamino- 1 O-ethyl-9-phenyl-phenarithridiurn bro- 
mide) was obtained from Calbioehem (Los 
Angeles, California, U.S.A.), whereas tiiorone 
{^hydrochloride [2, 7-bi$i2-(diethylamino)ethoxy]- 
flu6ren-9-onedihydrochloride] was supplied by 
Richardson-MerreH Inc. (Cincinnati, Ohio, 
U.S-A.). Berenil (diminazene diaceturate) was a 
product of Hoechst A.G. (Frankfurt/Mainz, 
F.R.G.), whereas stilbamidine isethioriate (4,4'- 
stilbenedicarboxamidine diisethionate) and penta- 
midine isethionate (4, '-diamidino-aiw-dipheno- 
xypentane; isethionate) were products of May and 
Baker Ltd (Dagenham, England), 

Radiochemicals. The radiolabeled; nucleoside 
[methyl-*H]dThd (specific radioactivity, 38 Ci/ . 
mmole) was obtained from the Institute of Radio 
Elements (IRE, Fleurus, Belgium). 

Inhibition of tumor cell growth. All assays were 
performed in Linbro microplates (model FB-48- 
TC, Linbro Chemical Company, New Haven, 
Connecticut, U.S.A.), To each well were added 5 
x 10 4 L12I0 cells and a given amount of the test 
compound. The cells were allowed to proliferate 
for 48 h at 37°C in a humidified, COj-coritrolled 
atmosphere. The growth of the cells, was linear 
during this 48 h-incubation period. At the end of 
the incubation period, the cells werexounted in a 
Coulter counter (Coulter Electronics Ltd, Harpen- 
den Herts., England). The 1D 5 q (50% inhibitory 
dose) was defined as the concentration of com- 
pound that reduced the number of living cells by 
50%. 

Inhibition of [methyl- 2 HJdThd incorporation. The 
incorporation of [mef/i;>/- 3 H]dThd into cellular 
DNA was also measured in Linbro microplates. To 
each well were adcjedTO 5 L1210 cells, 6.5 pmoles 
(0.25 fiCi) of [me^>/- 3 H]dThd, and a given 
amount of the test compound. The cells were al- 
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lowed to proliferate for 20 h at 37°C in a 
humidified, CO^oii trolled atmosphere. At the 
end of rJiis incujbktipn period;; the contents of the 
wells (200 >it) were brought -onto 25-mm glass fiber 
filters (tyj^ A/E, Gelmari Instrument Company, 
Ann Arbor, Michigan, •U.S.A.), mounted on a 
Millipore 3025 sampling manifold apparatus. The 
filters were Washed :tw}ce with cdld PBS (phos- 
phate-buffered salinfe), twice with cold 10% tri- 
chloroacetic acid, twice with cold. 5% trichloro- 
acetic acid, once with cold ethanoi, and once with 
cold ether. The filters were then allowed to dry for 
10 min at 60°C arid assayed for radioactivity in a 
toluene-based scintillant. 

In vivo tests: Five^ to six-weekrold BDF, (C 57 BL 
x DBA/2) mice weighing 18 to 20 g were used for 
the in vivo tests. They were housed at 8 per cage 
and inoculated iritraperitohealiy With 5 x 10 6 
L1210 cells per 0.2 -ml , PBS per mouse. The L1210 
cells were cultured in vUro before: they were in- 
jected into mice. AsM consequence, the median life 
span (MLS) that has been observed ip these experi- 
ments (25 days) is longer than it should be (7.days) 
if cells were used that have been passaged in the 
peritoneal cavity of BDF 3 mice. The test com- 
pounds were also injected tntraperkpneally, one 
day after L1210 cell inoculation. Control mice re- 
ceived 0.2 ml of a PBS solution. 



Results 

According to the type of the amidino-substituted 
skeleton, the compounds were divided into six 
classes (Tables I - 6) Class D (Table 4) can actual- 
ly be regarded : as an ^tension of class A (Table 1) 
in which the amidino^ (or inifid^olinoir) substituted 
rings are linked by a cjarbon;<c%rb6n-nitrogen or 
carbon-oxygen) chato of varyjhg iength.. Classes A, 
C and Dwerejfurir^ the 
type of the ; heterocyclic r^ 
benzo[b]thiophenei indene or benzimidazole) 
(Table 1 , 3 arid 4). Glass B (Table 2) contains those 
compounds where each of the amidino- (or irhida- 
zolino-) substituted rings is- a benzene. Class E is 
composed of a few compounds with the aryl rrioie- 
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ties (indoles) linked together through a C 2 -C 6 
linkage* instead of the usual C 2 -C 2 linkage (class 
C compounds, T^ble 3). Some miscellaneous com- 
pounds were brought together in Table 6. All com- 
pounds tested are listed in Tables 1-6 with their 
respective rD 50 (50<7o inhibitory dos€) values for 
L1210 cell growth and DNA synthesis [methyl- 
3 H]dThd incorporation). 

Inhibitory effect on L1210 cell growth 

Within class A compounds (Table 1), the highest in- 
hibitory activity on L1210 cell growth (ID 50 : 0.21 
/ig/mi) was noted for compound 20, which was 
about 20 times more active than the standard 
diarylamidine (DAPI, compound 4). This increase 
in activity was probably due to substitution of 
amidino by irriidazolino groups and not to substitu- 
tion of the ring nitrogen by sulfur, indeed, within 
the subclass of the benzo[b]thiophene analogues 
substitution of imidazoline for amidino groups 
resulted in a significant increase in antitumor cell ac- 
tivity (compare compounds 19 with 15 and 20 with 

17) . Also substitution of the amidino by guanidino 
or CH = NNHC( = NH)NH 2 groups caused a mark- 
ed increase in antitumor cell activity (compare com- 
pounds 12 with 9, and 22 and 23 with 17). For the 
amidino-substituted indoles, the degree of an- 
titumor cell activity depended on the position of the 
amidino groups, thus in order of decreasing activity: 
6,4' >5,4' >6,3' >5,3'(4>2>3>/).Forthe 
amidino-substituted benzofb]thiophenes, the posi- 
tion of the amidino groups did not significantly alter 
the antitumor cell activity (compounds 14 through 

18) . Introduction of an amino group. in position 3 
decreased the activity (compare compounds 5 with 
4, and 18 with 15). Molecular planarity seems to be 
equally important for inhibitory activity. If the 
planar state of compound 15 was reduced by a 
1,1-dioxy-substitution (compounds 24 and 25) and 
hydrogenation of carbons 2 and 3 (compound 25), 
there was a concomitant reduction in inhibitory ac- 
tivity. In general, isosteric replacements, i.e. NH by 
CH 2 (compounds 4 and 26) or NH by S (compounds 
4 and 17), did not significantly alter the antitumor 
cell activity. However, for the 5,3 ' diamidines, re- 
placement of NH by S (compounds / and 14) en- 



Table I. Class A compounds. 
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I. Indoles 



SO: 




R2 



Am «= — C 



Im 



*CH 0 



*D 50 C Oig/ml) 



L1.210cell 
growth. 



(methyl- 3 H)dThd 
incorporation 



/ 


NH 


CH 


Aitf(5) 


Am (3) 


27.0 


> 100 


2 


NH 


CH 


■ Am (5) 


Am (4) 


8.90 


> 100 


3 


NH 


CH 


Am (6) 


Am (3) 


15.4 


> 100 


4 


NH 


CH 


Am< (6) : 


Am (4) 


4.15 


> 100. 


5 


NH 


CNH 2 


Am (6) 


Am (4) 


> 100 


> 100 


6 


NH 




Am (6) 


Am (4) 


> 19.4 


> 100 



Table 2. Class B c< 



p« Compound no. 

I 



27* 
28° 
29' 

30 
31 

32 

33 

34 



7 


NH 


CH C 


Am (6) 


OCH 3 (3) 
6CH 3 (4) 


47.1 


31.4 








Im b (6). 


OCH 3 (5) 






8 


NH 


CH 


Im (4) 


2.82 


58 


II. Benzofurans 












9 


O 


CH 


Am (5) 


Am (4) 


7.65 


> 100 


to 


O 


CH 


fm (5) 


Im.(4) 


1.52 


14.1 


it 


O 


CH 


Am (5) 


NH, (4) 


2.19 


26.5 


12 


0 


CH 


NHC( = NH)NH 2 (5) 


NHC( = NH)NH 2 (4) 


0.620 


31.5 


13 


o 


CH 


N-CHN(CH^5) 


N = CHN(CH 3 ) 2 (4) 


2.30 


> 100 


III. Benzofbjthiophenes 










14 


s 


CH 


Am (5) 


Am (3) 


6.93 


> 100 


15 


s 


CH 


Am (5) 


Am (4) 


6.35 


> 100 


16 


s 


CH 


Am (6) 


Am (3) 


8.43 


> 100 


17 


s 


CH 


Am. (6) . 


Am (4) 


7.95 


> ioo 


18 


s 


CNH, 


Ani (5) 


Am (4) 


14.5 


> 100 


19 


s 


CH 


Im (5) 


Im (4) 


0.492 


6.3 


. 20 


s 


CH 


Im (6) 


Im (4) 


0.210 


5.0 


21 


s 


CH 


NHC(-W)NH 2 (5) 


NHC( = NH)NH 2 (4) 


0.560 


> 100 


22 


s 


CH 


NHC( - NH)NH r (6) 


NHC( = NH)NH 2 (4> 


0.980 




23 


s 


CH 


CH = NNHC(=NH)NH2 (6) 


CH = NNHC( = NH)NH, (4) 


0.590 


27.5 


24 


so 2 


CH 


Am (5) 


Am (4) 


93.0 


> 100 


25 


so 2 


CH 2 


Am (5) 


Am (4) 


> 100 


> 100 


IV. Indene 














26 


CH 2 


CH 


Am (6) 


Am (4) 


6.55 


> 100 



* For structure of amidino (Am), see structure over column heads. 

For structure of iinudazplirto (im), see structure dver/coiumn heads. 
c I D 50 == inhibitory dose-50. 
d DAPI. 

All experiments were done in duplicate or triplicate. 
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Table 2. Class B compounds. 



i- 3 H]dThd 
oration 



s 




Compound no. 


Z 




. R 2 


fog/ml) 

L12I0 cell 
growth 


(methyU 3 H]dThd 
incorporation 


28 e 
29 f 

30 


CH=CH 
NH-N ='N 

O 

H 

Q. • 


Am* 
Am 
Am 

Am 


Am 
Am 
Am 

Am 


22.6 
14.6 
0.745 

5.00 


> 100 

> 100 
29.5 

69.0 


31 


Am 


Am 


17.8 


> 100 


32 


O 


Am 


Am 


7.70 


9t 


33 


M-.-JI • 


Am 


Am 


36.7 


> 100 


34. 


O 


Am 


Am 


5.50 


> 100 


35 
36 
37 
38 


p-NHCO-C 6 H 4 -CONH 
• NH-N = ft 
NH-N « N 

p-NHCO-C^-COMH 


Am 
Im b 
Im 
Im 


Am 
Am 
Im 
Im 


> 100 
17.5 
15.8 
3.14 


> 100 

> 100 
66.3 

> L00 



See corresponding, footnotes to table 1 
27: stilbamidthe isetnionate. 
e berenil. 

f 29: pentamidine isethianate. 



hanced the activity fourfold. 

Within class $ compounds (Table 2), the trypano- 
cidal drug pentamidine isethionat? (compound 29) 
displayed the greatest inhibitory effect on L J 21 0 cell 
proliferation (lp 50 : 0.74 ^g/ml).; Two other 
trypanocidal drugs, berenil (28) kti^ stilbaihidtae 
isethionate (27) were 20-30 times less inhibitory, 
When the bridge connecting the two feenzerie rings 
contained a NH-N ?=N ; group, substitution of. the 
amidino by one or f wbimid^ikib ; g|bups had no 
significant influence on the antitumor cell activity 
(compare compound 28 with compounds 36 and 
37). However,, when the bridge between thfe two 
benzenes consisted of p-NHCO^CgH^CONH, imi- 
dazolino substituents conferred a rnu|h higher,ac- 
tivity than did the amidino groups Heterocyclic 
bridges such as pyrrole (compound 50)|furan (com- 
pound 52) or thiqphene (cdrhpound5#|gave similar 
inhibitory activi ties . In contrast , an imiSaiole (com- 



pound 31) or oxadiazole bridge (compound 33) led 
to a decreased antitumor ceil activity; 

Within class C compounds (table 3), three com- 
pounds {4Q y 48 and 50) inhibited : L 1 2 1 0 cdl prolife- 
ration at an ID 50 of less than 1 fig/mL As noted 
above for the class A compounds, 5 substitution of 
the amidino by imidazolino groups brought about a 
(slight) increase in antitumor cell activity (compare 
compounds 50 with 41, and 51 with 47), The posi- 
tioning of the arriidino groups did not drastically in- 
fluence the inhibitory effects on tumor cell growth. 
If the amidino groups of both benzofuran rings were 
moved from position 5 (compound 41) to position 6 
(compound 45), there was a threefold decrease in in- 
hibitory activity. However, if only one of the 
amidino groups was moved from position 5 (com- 
pound 41) to position 6 (compound <2), no substan- 
tial difference in inhibitory activity was observed. 
This was also the case for the positional isomers of 
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Table 3. Class C compounds. 




Compound 
no. 



V 



ID 50 C fog/ml) 



Ll2l0cell 
growth 



[methyl- 3 H)dThd 
incorporation 



I . Benzofuran /benzofuran 












4.00 




100 


39 


0 


CH 


0 


CH 2 


Am a (5) 


Am (5) 


> 


40 


0 


CH 


O 


(CH 2 ) 2 


Am (5) 


Am (5) 


0.96 




58.7 


41 


0 


CH 


0 


CH = CH 


Am (5) 


Am (5) 


1.51 


> 


100 


42 


0 


CH 


0 


CH=CH 


Am f<\ 

Am \j) 


Am (f\\ 


1.66 




54.8 


43 


0 


CH 


O 


CH-CH 


Am (6) 


Am [o) 


H.J J 




71 


44 


0 


CCHy 


0 


CH==CH 


Am (5) 


Am (5) 


3.09 




48.5 


45 


0 


CH 


o 


CH^CCHj 


Am (5) 


Am (5) 


13.6 


> 


100 


46 


0 


CH 


0 


CH 2 CHCH 3 


Am (5) 


Am (5) 


1.06 


> 


100 


47 


0 


CH 


0 


(CH=CH) 2 


Am (5) 


Am (5) 


2.54 


> 


100 


48 


0 


CH 


o 


(CH = CH) 3 


Am (5) 


Am (5) 


0.636 




20.9 


49 


o 


CH 


0 : 




Am (5) 


Am (5) 


4.78 


> 


100 


.50 


0 


CH 


0 


nil Hr*u 


im \j) 


Im (5) 


0.497 




2.65 


5f 


0 


CH 


0 


(CH = CH) 2 


im [?) 


All! \Jf 


1.55 




6.80 


II. Benzofuran /indole 










Am (5) 


2.92 






52 


0 


CH 


NH 




Am (5) 




53 


0 


CH 


NH 


CH^CH 


Am (5) 


Am (5) 


1.12 




36.0 


54 


0 


CH 


NH 


CH=CH 


Am (5) 


Am (6) 


1.51 




65.2 


III. Benzofurdn/benzofbjthiophene 










1.41 




100 


55 


0 


CH 


S 


CH = CH 


Am (5) 


Am (5) 


> 


I V . Benzofbjthiophene/bertzofojthiophene 






Am (5) 


6.60 




100 


56 


s 


CH 


S 


CH=CH 


Am (5) 


> 


V. Benzirhidazole/benzimidazole 










15.2 




52.1 


57 


NH 


N ' 


NH 


CH=CH 


Am (5) 


Am (5) 




58 


NH 


N 


NH 


NH 


Am (5) 




18.0 




22.4 


VI. Indole /indole 












5.31 




72 


59 


NH 


CH 


NH 


C 6 H 4 -0-C 6 H 4 


Am (6) 


Am (6) 




60. 


NH 


CH 


NH 


C 6 H 4 -0-C 6 H 4 


Im (6) 


Im (6) 


> 100 


> 


100 


61 


.NH- 


CH 


NH 




Im (6) 


Im (6) 


> 100 


> 


100 


62 


NH 


CH 


NH 




Am (6) 


Am (6) 


3.53 


> 


100 


VII. Benzofbjthiophene/ihdole 








Im (6) 


11.4 




82.3 


63 


S 


CH 


NH 


CH-C.H 


Im (6) 





See corresponding footnotes, td Table 1. 



indole (compounds 53 and 54f). The irihibitpry ac- 
tivity of the bis(amidmobenzofuran) and bis(imida- 
zolinobenzofuran) derivatives was>influenced by the 
nature of the bridge connecting the two amidiiiQ- (or 
imidazolino-) substituted rings :• most, effective were 
the compounds with an [ethane (compound 40) or 
ethene bridge (compounds 41, 42^ 50, 53*- 55). A 
methane bridge (compound 39) gave a fourfold 



lower activity than an ethane bridge (compound 40), 
whereas an ispprbjpane bridge (compound 46) gave 
about the same activity. However, a substantial 
decrease in activity was noted upon introduction of 
an isopropene bridge (compound 45). Lengthening 
of the connecting etheriyl chain by one ethenyl unit 
did not cause marked changes in antitumor cell ac- 
tivity of the bis(amidinobenzbfuran) derivatives 



fable 4. Class 1 



Compound no. 



I. Indoles 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 

II. Benzofurans 
75 

' 76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 

! III. Benzofb/thio 
88 

- IV. Benzimidazo. 
. 89 

** See correspoi 
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Table. 4. Class D compounds. 
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IV. Benzimidazole 
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> 100 



Sec corresponding footnotes lo Table I . 



)Und40), 
: 46) gave 
jbstantial 
jction of 
gthening 
enyl unit 



(compare compound 41 with compound 47), 
although it decreased the activity of the/bis(imi- 
dazolinobenzofurahj derivative by threefold (com- 
pare compound 5Q with 5/) 0 Lengthening of the 
connecting ethenyi chain by two gthenyl units 
caused a fourfold increase in the inhibitory activity 
of the bis(amidihotenzofuran) derivative (com- 



pare compound 47 with 48). In some cases, 
isosteric replacements caused major changes in in- 
hibitory activity. For example, substitution of 
sulfur fot oxygen in both benzofurari rings resulted 
in a four- to fivefold decrease of activity (com- 
pounds 41 and 56). Modification of the benzo- 
furan rings to benzimidazole rings led to a 10-fold 



Table S. Class E compounds. 
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Compound 
no. 



ID 50 c (^g/ml) 



L1210 cell 
growth 



[methyl- 3 H]dThd 
incorporation 



Indole/indole 
90 
91 



NH CH 
NH CH 



NH. 
NH 



CH-CH 



Im b (6) 
Im (6) 



Im 
Im 



24.0 
13.3 



> 100 

> 100 



b ' c See corresponding footnotes to Table 1. 



decrease of activity (compounds 41 and 57). 
However* replacement of one benzpfuran ring by 
indole (compound "53) or benz0flj]thiopene (com- 
pound 55) did not markedly ^^chi^g^th'eiiititumor 
cell activity. The activity of the bis(indole) deri- 
vatives was critically influenced by the nature of 
the ;substituents in contrast to : the observations 
made for the class A and class B compounds, 
substitution: of imidazoline for amidinp groups 
resulted in a complete .joss' -of inhibitory activity 
(compare compounds 59 with 60, and 62 with 62). 

Within class D compounds (Table 4), maxirrial 
inhibitory activity; jls observed for compounds 66, 
70, 84 and 87 {ID^: y 0,5 #g/mij. V/hile substitu- 
tion of both amidirip by iiriidazolino groups caused 
little, if any, change in inhibitory activity for com- 
pounds 65 — 67 and 69 (compare with compounds 
70-72 'and 74), such substitution led to a xen-foid 
increase in activity for compound . 68 (compare 
with compound 73) . Among; the benzofuraiis, the 
imidazolino-substituted derivatives proved, in 
general, more effective than the corresponding 
amidino-substituted derivatives (compare com- 
pounds 87 with 82, and 84 with 75). As demon- 
strated by the comparable activity of compounds 
65 - 67, on the one harid, and compounds 70- 72, 
on the other hand; the positioning of the amidino 
or imidazolino groups had nd major impact on the 
cell growth-inhibiting properties of the indoles. In 
contrast to the class C compounds where replace- 
ment of an ethane or ethenyl by an isppropene 
bridge led to a considerable decrease of activity, an 



isopropene bridge appeared compatible with sig- 
nificant antitumor cell activity for class D com- 
pounds (compare compound 77 with compounds 
75 and 76), Also, lengthening of the connecting 
ethenyl chain by one or two ethenyl units resulted 
in a marked increase of activity (Compare com- 
pound 75 with compounds 80 and 81). 

Of class E only two compounds (90 and 91) 
(Table 5) were tested. None showed a considerable 
antitumor cell activity. . 

Among the miscellaneous compounds (Table 6), 
the. trypanocidal drugethidium bromide (98) show- 
ed the highest antitumor ceil activity (ID 50 : 0.22 
jig/mj). Compounds 97 (tilorone dihydrochloride) 
and' 92 were also endowed with a marked in- 
hibitory, activity. Other compounds, such as the 
bis-amidinorsubstituted indoles (93 and 94), 
proved virtually inactive. 

Inhibitory effect on L1210 cell DNA synthesis 

Of class A compounds (Tabe 1), the most potent in- 
hibitors of L1210 cell growth, compounds 20 and 
19, showed also the strongest inhibitory effect on 
L 1210 cell DNAsynthesis. However, compound 21, 
which inhibited tumor cell growth at almost the 
same concentration as compound 19, did not prove 
effective as inhibitor of cellular DNA synthesis. In 
fact, most of the compounds for which the ID 50 for 
L1210 cell proliferation fell within the 2 - 20 pg/ml 
range failed to inhibit [methyPH]dThd incorpora- 
tion at a concentration of 100 /ig/mL Despite the 
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> 100 



> 100 
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> 100 



14.6 
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e See corresponding footnote to Table I . 
d 97: tilorone dihydrochf bride. 
* 98: eihidium bromide. 

i failure of several class A compounds tdinhibit cel- 
lular DNA synthesis, their log ID 50 for L1210 eel) 
!. proliferation and log 1p 5Q for \mekyl'M]dTM in- 
corporation showed a relatively close correlation (r 
*= 0.569).* 

Among daw B compounds (Table 2), the most 
' potent tumor ceil growth inhibitor, pentamidine 
isethionate (29), inhibited lmethyl- 3 H]dJhd incor- 
poration only at a, 40-fdld higher concentration 
than L1210 cell proliferation. For only four com- 
pounds a. correlation coefficient could be 
calculated and this amounted to 0.864. 

For class C compounds (Table 3), the correla- 
tion between the log ID 50 for tumor ceil growth 



and the log ID 50 for cellular DNA synthesis was 
lower than for the class A compounds (r = 0.465). 
Compound 50, which was the most potent cell 
growth inhibitor, also exerted the strongest in^ 
hibitory effect on {methy&H}dThd incorporation, 
although it proved about 5-fold more potent in in- 
hibiting cell growth than DNA synthesis. Various 
other compounds (i.e. 41, 46, 47, 55) which in- 
hibited tumor cell proliferation at ah ID 5 q com- 
prised between 1-2.5 ng/ml, did not affect 
[me//iy/- 3 H]dThd incorporation at a concentration 
of lOO^g/mi. 

For class D compounds (Table 4), the correla- 
tion between log ID 5D for L1210 cell proliferation 



* When determining the correlation coefficients, compounds with ID 5Q values > lOO^g/ml were not taken into account. 




W SO 60 
T i me I d*ys) 

Fig. L Influence of compound 41 (diaceturate.salt) on the sur- 
vival of BDF, mice inoculated intraperitpncally with 5 x \& 
LI 230 cells per mouse. Compound 41 was injected in- 

traperiioneattv as a singlfejdose of either 200 mg/kg- ( ), 40 

mg/kg. (-.-.-),. 8 mg/kg (- -) or 6 mg/kg (control) 

( — ~), one day after tumor cell inoculation. 



and log ID^ for [Methy&H]<lTM incorporation 
was higher than for the class A arid C compounds 
(r = 0.706). ' [ ".' 

Among class E and the miscellaneous corn- 
pounds (Tables 5 & 6), ethiditim bromide (com- 
pound 98) turried out to be ; the most potent in- 
hibitor of L121p>cell DNA synthesis. However, its 
ID S0 value for [niethyl^HildThi incorporation was 
still 40 times Higher 'than its ID 50 i yalue for L1210 
cell proliferation; and differed noi mych. from the 
ID 50 values for compound 97 (tiloron? dihydro- 
chloride) and compound 92, two compounds 
which were about 10 timers less potent as L1210 cell 
growth inhibitors tl^an ethidium bromide /Taking 
together all compounds belonging to either class 
A, B, G, D or E; we fourid a correlation coefficient 
of 0.612. 

Antitumor activity in vivo 

Since compound 41 ranked among those diaryl- 
amidine derivatives that showed potent antitumor 
cell activity in vitro (ID 3 $: Jv5t /ig/ml), it was fur- 
ther evaluated for its antitumor activity m vivo. 
BDF j mice Were injected irstraperitoneally with 5 
x 10 6 L12I0 cells per mouse, the median life span 
of these mice was 25.0 days /Compound 41 was in- 
jected intraperitoneal as a single dose of 200 
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Fig, 2, Influence of ethidium bromide (98) on the survival of fc^'^^ m ^ a20 ^ 
BDF, mice inoculated intraperitoneal^ with 5 x 10^ L12I0 p] p^ enox y]" st y r - 
cells per mouse. Ethidium bromide was injected intraperitoneal- fc" pompounds ar 

Iy as a single dose of either 20 mg/kg ( ) f 4 mgAg '£::jmidazolin)-2-' 

(-.-.-), 0.8 mg/kg (- — r) or. Q. mg/kg (control) || B compounds! 




-), one day after tumor cell inoculation. 
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administered. 

The antitumor effects obtained with compounds 
41 and 98 are presented in Figs. 1 and 2. Com-i 
pound 41 proved quite efficient in prolonging the 
life span of tumor cell-inoculated mice. At a dose 
of 200 mg/kg it increased the median survival time 
up to 51 days (or 204 % of control) and 2 out of 8 
mice survived even at 100 days after tumor cell in- 
oculation. At a 5-fold lowelr dose, compound 41 
achieved a median survival time of 175%, and at 8 im pairment of 
mg/kg, it increased the life span to 139%. ; f result from bint 
Ethidium bromide (98) proved inferior to com- 
pound 41 in increasing the life span of L1210 ceil 
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inoculated BDFj mice. When injected at the 
highest tolerated dose (20 mg/kg), compound 98 
demonstrated an increase of the median survival 
time to 137%. At lower doses. (4 mg/kg and 0.8 
mg/kg) compound 98 extended the median life 
span to 132% and 118%, respectively. 
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^Discussion 

b:For a series of 96 diaryiamidine (and diary limida- 
| zoline) derivatives, divided into five classes (A - E) 
^according to the nature of the aromatic rings, the 
ptrongest inhibitory effects On murine L1210 cell 
{i> proliferation were observed with 6-(2Mmida2olin- 
|2-y0-^(4"(2-imidazolirt^yi)phenyl] benzo[b]thio- 
.phene (20) among class; A compounds, with penta- 
midine lsethionate (2P) among class B compounds, 
with 5,5 * -bi^(2rimidaz4Hn^ryl>2;2 ' -vinyienedi- 
1-benzofuran (50) among class, € compounds, with 
► ; : 5-(2-imidazoKn^^ 
phenoxyHtyryl)-l,ben^ofurari (87) among class D 
compounds and with 2r(2rimid^ 
imidazolin)-2-yl)-2-^^ among class 

£ compounds:. The eel) growtrhrinhibiting .potency 
l of these compounds (with the exception of 91) cor- 
l responded to that of the known cytotoxic com- 
f pound, ethidium bromide (98) (ID 5 q ranging be- 
tween 0.2 and 0.7? rrjg/mJ). : 
: (\ Although the doses.required to inhibit L1210celi 
[* growth were considerably lower ithjkn the ID 50 
| values for l/72e//iv/-?H ; ]dThd incorporation, the an- 
y. titumor cell activity of the diarylahiidines and 
j ; diarylimidazolines may at least partially be as- 
i cribed to their suppressive effects on cellular DNA 
f synthesis. Indeed, the log ID< 0 of the; test com- 
pounds for LI 210 cell growth arid the log ID 50 for 
[meihyl-*H]dThd incorporation showed a 
j? reasonable correlation: r = 0.612 for all com- 
j pounds together. Thus, ; the cytotoxic properties of 
j the diaryiamidine derivatives may be due to an im- 
pairment of DNA replication, which, in turn, may 
j' result from binding of ihe diamidines to A - T base 
' pairs in DNA. 

I Previous studies have been focussed on the an- 
| tiproteolyticand anticpaguiant activities (10), ariti- 
j oncornaviral DNA polymerase : activity (9) arid an- 
: tif urigal and antibacterial activities (29) of 
| diaryiamidine derivatives. The studies of Tidwell et 
\ (10) indicated that't'ae aritiproteolytic activity of 
J. diarylamidines did no* correlate with their an- 
j tjcpagulant activity aid that even for the an- 
1 tiprotease activity marked differences y/ere noted, 
; Spending oh the : natjire of the protease tested 
j : trypsin, thrombin or kallikrein). A comparison of 
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structure-activity data with those previously 
reported by Tidwell et al reveals that there is no 
direct correlation between antirprotease activity 
and anti-L1210 cell proliferation activity. For ex- 
ample, compound 10 was inactive as a trypsin in- 
hibitor, yet fairly active as an L1210 cell growth- 
inhibitor. Whereas substitution of imidazolino for 
amidino generally increased the L1210 cell-growth 
inhibiting activity (e.g. compare compound 9 with 
10, 15 with 19, 17 with 20, etc.), it annihilated the 
anti-protease activity (compare compound 14 with 
17, and compound 24 with 32 in ref. 10). Further- 
more, some very effective trypsin inhibitors (com- 
pounds 10 and 29 in ref. 10) were inactive as in- 
hibitors of L1210 cell proliferation (compounds 5 
and 25 in Table 1). 

Similarly, no direct correlation could be 
established between the inhibitory effects of the 
diaryiamidine derivatives on oncornaviral DNA 
polymerase (9) and their L1210 cell-inhibiting 
properties. For example, compound 27 in ref. 9, 
which proved barely active against oncornaviral 
DNA polymerase, exhibited the greatest L1210 
cell-growth inhibiting activity among the class B 
compounds (compound 29 in Table 2). Also, com- 
pound 21, one of the most potent inhibitors of 
L1210 cell proliferation, was only weakly active as 
inhibitor of the oncornaviral DNA polymerase ac- 
tivity (compound 19 in ref. 9). Compound 83, an 
efficient inhibitor of oncornaviral DNA poly- 
merase (compound 69 in ref. 9), showed only 
moderate activity as an inhibitor of L1210 cell pro- 
liferation. 

While Anne et al, (29) observed similarities in 
the structural requirements for the antibacterial 
and antifungal properties of the diaryiamidine 
derivatives, these structural similarities do not ex- 
tend to the antitumor cell activity of the diaryl- 
amidines. For example, substitution of amidino by 
imidazolino groups diminished the antifungal ac- 
tivity (compare compounds 60 with 56, 59 with 57, 
71 with 62, and 72 with 67 in ref. 29), but enhanced 
the L1210 cell growth-inhibiting activity (compare 
compounds 19 with 15, 20 with 17, 38 with 55, 70 
with 65, and 84 with 75). Compounds 4 and 27, 
which proved to be the most potent antifungal 
compounds among class A and class B compounds 



(compound 4 and 25 in ref. ?9), respectively, were 
only weakly active as inhibitors of L1210 cell pro- 
liferation. 

Thus, the structure-function relationship data 
obtained in this area arid previous studies (9, 10, 
29) point to important differences ifcthe structural 
requirements 6f diarylarriidine derivatives as either 
protease inhibitors or D&A polymerase inhibitors, 
or antifungal, antibacterial, or antitumor agents. 
The antitumor activity that has been demonstrated 
with compound 41 iri.vivo (BDF r mice inoculated 
with LI 210 cells) suggested that further antitumor 
studies should be -undertaken with those corn- 
pounds that show the greatest potency as inhibitors 
of L1210 cell growth in vitro. These antitumor 
studies should- also be extended to animal models 
other than the L1210 system. 
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